Calcium plays a role as a signaling molecule in various cellular events. It has been reported that calcium suppresses adipocyte differentiation only in the early phase of adipogenesis. Herein, we demonstrate that treatment of A23187, a mobilizer of intracellular calcium, on day 4 post adipocyte differentiation could still reduce lipid accumulation in differentiating 3T3-L1 cells for 48 h. In addition, luciferase reporter gene and RT-Q-PCR assays demonstrate that A23187 can selectively inhibit transcriptional activities and expression of PPARγ and LXRα, suggesting that A23187 may reduce lipid accumulation in the late phase of adipogenesis via downregulation of PPARγ and LXRα expression and transactivation. Moreover, inhibition of HDAC activity by trichostatin A (TSA) partially blocked A23187-mediated downregulation of transcriptional activities of PPARγ and LXRα. Together, our data demonstrate that calcium mobilization inhibits expression and transcriptional activities of PPARγ and LXRα, resulting in reduced lipid accumulation in differentiating adipocytes, and thus, mobilization of intracellular calcium in adipocytes may serve as a new preventive and therapeutic approach for obesity.
Introduction
Adipocytes are important cells for lipid homeostasis in our body by regulating flux of lipids into circulation in response to nutrition status (Guilherme et al., 2008) . In addition, adipocytes also play a role as highly specialized endocrine cells secreting a variety of adipocytokines such as TNFα, leptin, acdiponectin and resistin. These adipocytokines have been known to participate in various physiological processes including insulin sensitivity, cell proliferation, immune response and food intake (Kershaw and Flier, 2004; Rosen and Spiegelman, 2006) . Increased lipid accumulation by dysregulated lipid metabolism in adipose tissues resulted in obesity and is frequently related with metabolic diseases including insulin resistance and type 2 diabetes (Fu et al., 2005; Kershaw and Flier, 2004; Gregor and Hotamisligil, 2007; Shi and Burn, 2004) .
Several transcription factors have been known to be involved in adipocyte differentiation (Gregoire et al., 1998; Lane et al., 1999; Rosen et al., 2000) . During adipogenesis, profile of a variety of genes has been changed and PPARγ and C/EBPα have been shown to play key roles in this process (Darlington et al., 1998) . PPARγ, the master regulator of adipocyte differentiation, belongs to the superfamily of nuclear receptors (NRs) (Chawla et al., 1994) . NR superfamily includes traditional endocrine receptors for steroids, thyroid hormones, vitamin D3, and retinoids, as well as a large number of orphan receptors of which ligands and physiological functions are initially unknown (Evans, 1988; Giguere, 1999) . In addition to PPARγ, LXRα, a NR activated by oxysterol, has been known to function as a lipid sensor that responds to dietary lipids and their metabolic derivatives in liver and adipose tissues. Previous studies have demonstrated that LXRα enhances fatty acid synthesis by LXR-SREBP-1c-lipogenic gene pathway or direct upregulation of acetylCoA carboxylase and fatty acid synthase (FAS) expression (Chen et al., 2004; Joseph et al., 2002; Liang et al., 2002) .
Several studies have shown that high calcium intake from dairy products results in prevention of obesity and insulin resistance, implicating link between calcium and adiposity (Papakonstantinou et al., 2003 ] i ) resulted in complete inhibition of adipogenesis in the early phase of adipocyte differentiation (Draznin et al., 1988; Shi et al., 2000) . However, several studies reported conflicting results about calcium effect on adipogenesis in the late phase of adipocyte differentiation (Jensen et al., 2004; Shi et al., 2000; Whitehead et al., 2001) . Thus, calcium effect on lipid accumulation in differentiating adipocytes is still not established. In this study, we demonstrated that increase of [Ca 2+ ] i in the late phase of adipogenesis suppressed lipid accumulation in differentiating adipocytes and this inhibitory effect was due to decreased expression of lipogenic genes via reduced expression and transcriptional activities of PPARγ and LXRα. Suppressive effect of [Ca 2+ ] i on transcriptional activities of these nuclear receptors is partially blocked by a histone deacetylase (HDAC) inhibitor, suggesting that mobilization of [Ca 2+ ] i may increase HDAC activity on transcriptional machineries of lipogenic NRs.
Materials and Methods
Cell culture, Adipocyte differentiation and Oil Red O staining 3T3-L1 and HEK293T cells obtained American Type Culture Collection (ATCC). 3T3-L1 was cultured in Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 10% bovine serum and 100 µg/mL penicillin-streptomycin and maintained on the petri-dishes. HEK293T was cultured in DMEM supplemented with 10% fetal bovine serum (FBS) and same condition of antibiotics as described above. 3T3-L1 cells cultured to 90% confluence. Two days later, the medium was replaced with the differentiation induction medium (MDI) containing 5 µg/ mL insulin, 0.25 mM 3-Isobutyl-1-methylxanthine (IBMX) and 0.25 µM dexamethasone in DMEM containing 10% FBS. The cells were treated with MDI during 72 h. The medium was replaced with MDI except 0.25 mM IBMX. Cells cultured mature adipocyte until 8 d. Cells were fixed with 10% formaldehyde in phosphate-buffered saline (PBS) and stained with Oil Red O (Sigma, USA).
